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(54) Method and apparatus for decoding a spread spectrum signal for CDMA 



(57) The present invention relates to a method and 
apparatus for decoding spread spectrum signal for CD- 
MA. An object of the present invention is to estimate and 
compensate more accurately transmission channels in 
CDMA signal decoding. Memory means (3) stores re- 
ceived despread data. Slot position detection means (4) 
detects positions of pilot symbols. Pilot symbol averag- 
ing means (5) obtains transmission channel estimation 
value per pilot block, by averaging a plurality of recep- 
tion channels in each pilot block. The transmission 



channel estimation values are delayed by delay means 
(6), multiplied by their weight and added by multi-pilot 
block transmission channel estimation means (8). Here, 
the weights are controlled adaptively by weight determi- 
nation means (7) in accordance with the state of the 
channel. Channel compensation means compensate 
m-th information symbol in the n-th slot including the pi- 
lot block on the basis of the estimation values obtained 
by the multi-pilot block transmission channel estimation 
means (8). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field of the Invention 

[0001] The present invention relates to a method and 
apparatus for decoding CDMA (code division multiple 
access) signal, and particularly to a method and appa- 
ratus for decoding a direct sequence spread spectrum 
signal which is modulated by pseudo noise codes of 
which rate are higher than the information signal rate. 

2. Description of the Prior Art 

[0002] Amplitude and phase fluctuation occur in a mo- 
bile communication system, due to Rayleigh fading 
caused by a relative movement between a mobile sta- 
tion and a base station. One of the methods for estimat- 
ing and compensating the fading distortion is to use pilot 
symbols which are inserted between information sym- 
bols with a constant period. In this case, the phases of 
the pilot symbols are known. 

[0003] Concretely, a pilot symbol of which transmis- 
sion phase is known is inserted per a plurality of infor- 
mation symbols on a communication channel, thereby 
estimating a transmission channel on the basis of the 
phase of the received pilot symbol. The fluctuation of 
the transmission channel between the pilot symbols is 
estimated and compensated by measuring the ampli- 
tude and phase in each path in a prescribed period of 
the information symbol between the front pilot symbol 
and the rear pilot symbol. 

[0004] Further, the transmission channel is estimated 
more accurately by using a lot of pilot symbols for a lot 
of time slots, as disclosed in JP 10-51424 A (1998) and 
JP 11-186990 A (1999). 

[0005] Figure 4 is a block diagram of the receiver as 
disclosed in JP 11- 186990 A (1999). Figure 5 is a block 
diagram of multi-pilot block channel estimation unit 8 as 
shown in Figure 4. As shown in Figure 4, matched filter 
2 despreads the data inputted from reception data input 
terminal 1 , on the basis of receiving timing of each multi- 
path. "2k" slots from the (n-(k-1))-th slot to the (n+k)-th 
slot in the despread data are stored in memory 3. Here, 
"n" is a non-negative integer and "k" is a positive integer. 
[0006] The slot comprises a pilot block, TPC (trans- 
mission powercontrol) information and transmission da- 
ta. Further, the pilot block includes a plurality of pilot 
symbols, for example, three symbols as shown in Figure 
5. 

[0007] Memory 3 may stores only the pilots blocks of 
the received slots. The positions of the pilot symbols are 
detected by slot position detection unit 4 which picks up 
the pilot blocks from memory 3. Then, pilot symbol av- 
eraging unit 5 averages a plurality of received channels 
at a plurality of the pilot symbols in a slot. The amplitude 
of the received signal varies slot by slot, because of the 



TPC, even when there is not any fluctuation on the trans- 
mission channel. Therefore, the amplitude variation due 
to the TPC may be compensated. The transmission tim- 
ings by the pilot blocks are arranged by delay unit 6. 

5 [0008] Multiple-pilot block channel estimation unit 8 
multiplies the transmission channel estimation value of 
each pilot block by weight coefficient and adds them. 
The result of the addition is a complex channel estima- 
tion value. Then, multiplier 10 multiples the data from 

10 memory 3 by the complex conjugate of the complex 
channel estimation value in order to compensate the 
fading phase fluctuation of each information symbol. 
The signals outputted from multiplier 10 is combined 
with other RAKE fingers by RAKE combining unit 11. 

15 The result of the RAKE combining is outputted from de- 
coded data output terminal 12 of RAKE combining unit 
11. 

[0009] On the other hand, the output from delay unit 
6 is inputted as a transmission channel estimation value 
20 of the TPC symbol into TPC command determination 
unit 9 in order to compensate the fluctuations of fading 
phase due to TPC. 

[0010] The operation of the above-mentioned con- 
ventional CDMA signal decoding is explained. Output 

25 301 from pilot symbol averaging unit 5 is an average of 
the received channels at a plurality of pilot symbols. The 
average means a transmission channel estimation val- 
ue for each pilot block. The average for each pilot block, 
in other words, a complex fading trajectory estimation 

30 value is expressed by 

$1<n+k),...,S1(n+1K1<n) S l(n-(k-1)). 

35 [0011] The pilot blocks are inputted into multipliers 
385, 390, 395, 396 and 397 through pilot symbol aver- 
aging unit 5 and delay units 320, 325, 330, 335 and 340, 
respectively. Further, output 301 from pilot symbol av- 
eraging unit 5 is inputted into multiplier 380. Multipliers 

40 385, 390, 395, 396 and 397 multiply output 31 by 
weights o^, cc^, a 1f Oq, a.-,, a(-k+1). The outputs from 
the multipliers are added by adder 398 in orderto obtain 
£ 1 (m,n) which is a transmission channel estimation val- 
ue of the m-th information symbol in the n-th slot. 

45 [0012] The conventional method for estimating the 
transmission channel is shown in Figure 6. As shown in 
Figure 6, the transmission channel estimation values 
obtained by using the pilot symbols are plotted on the I- 
Q coordinates, where I is an in-phase component and 

50 Q is a quadrature component. Each point is plotted by 
a single value estimated in a slot. The trajectory varies 
greatly at a fast fading, while the trajectory varies a little 
at a slow fading, as shown in Figure 6. 
[001 3] Weights oc k , a 2 , oti , Oq, , oi(_ k+1 > are constant 

55 in Figure 6 in orderto improve the accuracy of estimation 
against thermal noise and interference signal. 
[0014] Although the slow fading when the transmis- 
sion channel is stable is followed well, it is not easy to 
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follow the fast fading, when the number of slots "2k" in- 
creases and the weights are of the same order. 
[001 5] On the contrary, when the number of slots "2k" 
decreases and the weights are set up to be approxi- 
mately zero except specific slots . it is not easy to follow 
the slow fading, because the thermal noise and interfer- 
ence do not become negligible, although the fast fading 
can be followed well. 

SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to estimate 
and compensate more accurately the transmission 
channel, even when its fluctuation is slow or fast, in the 
decoding of the CDMA signal. 

[0017] The decoding apparatus for direct sequence 
spectrum spread signal for CDMA of the present inven- 
tion comprises a memory for storing pilot blocks, a pilot 
symbol averaging unit for averaging a plurality of re- 
ceived channels per pilot block, a weight determination 
unit for determining weights for transmission channel 
estimation values per pilot block, a multi-pilot block 
channel estimation unit for obtaining transmission chan- 
nel estimation values for information symbols in each 
slot, and a transmission channel fluctuation compensa- 
tion unit for compensating the fluctuation of the informa- 
tion symbols. The decoding apparatus of the present in- 
vention estimates and compensate more accurately the 
transmission channel, by adjusting the weights, even 
when the fluctuation is slow or fast. 
[0018] Concretely, the memory stores "2k" pilot 
blocks from (n-(k-1 ))-th pilot block to (n+k)-th pilot block 
which includes a plurality of pilot symbols in a sequence 
of slots. Here, "n" is a non-negative integer and "k" is a 
positive integer. 

[0019] Further, the pilot symbol averaging unit aver- 
ages a plurality of received channels at a plurality of the 
pilot symbols in a slot. 

[0020] Further, the weight determination unit for de- 
termining the weights which are used for obtaining a 
weighted average of the transmission channel estima- 
tion values per pilot block. Here, the weighted average 
is calculated over the "2k" slots. The weights are deter- 
mined in accordance with the state of transmission 
channel. 

[0021] Further, the multi-pilot block transmission 
channel estimation unit obtains the transmission chan- 
nel estimation values for the m-th information symbol in 
the n-th slot, on the basis of the weighted average. 
[0022] Further, the transmission channel fluctuation 
compensation unit compensates the transmission chan- 
nel fluctuation of the m-th information symbol in the n- 
th slot, on the basis of transmission channel estimation 
values obtained by the multi-pilot block transmission 
channel estimation unit. 

[0023] Furthermore, the weight determination unit 
may narrow the range of dominant weights, when the 
transmission channel is unstable, while it may enlarge 



the range of dominant weights, when the transmission 
channel is stable. 

[0024] Furthermore, the weight determination unit 
may decrease the weights for the slots which go ahead 

5 specific slots of which states fluctuate greatly. 

[0025] The decoding method for direct sequence 
spectrum spread signal for CDMA of the present inven- 
tion comprises the steps of storing pilot blocks, averag- 
ing a plurality of received channels per pilot block, de- 

10 termining weights for transmission channel estimation 
values per pilot block, obtaining channel estimation val- 
ues for information symbols in each slot, and compen- 
sating the fluctuation of the information symbols. The 
decoding method of the present invention estimates and 

15 compensate more accurately the transmission channel, 
by adjusting the weights, even when the fluctuation is 
slow or fast. 

[0026] Concretely, the storing step is the step for stor- 
ing "2k" pilot blocks from (n-(k-1 ))-th pilot block to (n+k)- 
20 th pilot block which includes a plurality of pilot symbols 
in a sequence of slots. Here, "n" is a non-negative inte- 
ger and "k" is a positive integer. 

[0027] Further, the averaging step is the step for av- 
eraging a plurality of received channels at a plurality of 

25 the pilot symbols in a slot. 

[0028] Further, the determining step is the step for de- 
termining the weights which are used for obtaining a 
weighted average of the transmission channel estima- 
tion values per pilot block. Here, the weighted average 

30 is calculated over the "2k" slots. The weights are deter- 
mined in accordance with the state of transmission 
channel. 

[0029] Further, the obtaining step is the step for ob- 
taining transmission channel estimation values for the 
35 m-th information symbol in the n-th slot, on the basis of 
the weighted average. 

[0030] Further, the compensation step is the step for 
compensating the transmission channel fluctuation of 
the m-th information symbol in the n-th slot, on the basis 

io of transmission channel estimation values. 

[0031] Furthermore, the weight determination unit 
may narrow the range of dominant weights, when the 
transmission channel is unstable, while it may enlarge 
the range of dominant weights, when the transmission 

^5 channel is stable. 

[0032] Furthermore, the weight determination unit 
may decrease the weights for the slots which go ahead 
specific slots of which states fluctuate greatly. 
[0033] According to the present invention, the trans- 

50 mission channel is estimated and compensated more 
accurately, by calculating a weighted average of the 
transmission channel estimation value in each slot con- 
taining the pilot block, wherein the weights are deter- 
mined adaptively on the basis of the state of transmis- 

55 sion channel. 
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BRIEF EXPLANATION OF THE DRAWINGS 

[0034] FIG. 1 is a block diagram of the CDMA signal 
decoding apparatus of the present invention. 
[0035] FIG. 2 is a flow chart for explaining an opera- 
tion of weight determination unit 7. An exemplary table 
of weights for slots including pilot block. 
[0036] FIG. 3 is another exemplary table of weights 
for slots including pilot block. 

[0037] FIG. 4 is a block diagram of a conventional CD- 
MA signal decoding apparatus. 

[0038] FIG. 5 is a block diagram of multi-pilot block 
transmission channel estimation unit 8 as shown in FIG. 
4. 

[0039] FIG. 6 is a plot of transmission channel esti- 
mation value on l-Q coordinates illustrating a fast fading 
trajectory and a slow fading trajectory. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0040] Figure 1 is a block diagram of the decoding ap- 
paratus of the present invention. The reference numer- 
als as shown in Figure 6 are used. Matched filter 2 de- 
spreads the received data from reception data input ter- 
minal 1 on the basis of the reception timings of multi- 
paths. The despread datas from (n-(k-1 )) th slot to (n+k) 
-th slot are stored in memory 3. Memory 3 may stores 
only the pilot blocks in the slots. 

[0041] Slot position detection unit 4 detects the posi- 
tions of the pilot symbols. Then, pilot symbol averaging 
unit 5 averages a plurality of received channels at a plu- 
rality of the pilot symbols in a slot. The amplitude of the 
received signal varies slot by slot, because of the TPC, 
even when there is not any fluctuation on the transmis- 
sion channel. Therefore, the amplitude variation due to 
the TPC may be compensated. 

[0042] The transmission timings by the pilot blocks 
are arranged by delay unit 6. On the other hand, weight 
determination unit 7 determines the weights for averag- 
ing the transmission channel estimation values per pilot 
block outputted from pilot symbol averaging unit 5. For 
the weight determination, weight determination unit 7 
monitors the data in memory 3, and determines the 
weights on the basis of the monitoring result. 
[0043] Multiple pilot block transmission channel esti- 
mation unit 8 multiplies the transmission channel esti- 
mation value per pilot block by weight coefficient deter- 
mined by weight determination unit 7 and adds them. 
The result of the addition is a complex transmission 
channel estimation value. Then, multiplier 10 multiples 
the data from memory 3 by the complex conjugate of 
the complex transmission channel estimation value in 
order to compensate the fading phase fluctuation of 
each symbol. The signals outputted from multiplier 10 
is combined with other RAKE fingers by RAKE combin- 
ing unit 11 . The result of the RAKE combining is output- 
ted from decoded data output terminal 12 of RAKE com- 
bining unit 11. 



[0044] The output from delay unit 6 is inputted as 
transmission channel estimation value of the TPC sym- 
bol into TPC command determination unit 9 in order to 
compensate the fluctuations of fading phase in TPC. 
5 [0045] Weight determination unit 7 narrows the range 
of the dominant weights, when the transmission channel 
fluctuates rapidly, while it enlarges the range of the don- 
imant weights, when the transmission channel is stable. 
The state of the transmission channel is monitored on 

10 the basis of the interference level in the data in memory 
3 or a number of times which the data level cross a ref- 
erence value, because the state of the transmission 
channel fluctuates greatly, when the interference level 
is high, or the number of crossing per unit time is great. 

15 [0046] Figure 2 is a flow chart for determining the 
weights when "k" = 3. The weights are determined to be 
of the same order such as 0^=0.15,0^=0.17, 0^=0.18, 
0^=0.18, a.., 0.17, o. 2 =0.15, when the transmission 
channel is stable. On the other hand : the weights are 

20 determined to decrease as they are away from the dom- 
inant weights, such as 03=0.05, 02=0.15, 0^=0.30, 
a 0 =0.30, 0.15, a. 2 =0.05, when the transmission 
channel is unstable and fluctuates greatly. The state of 
transmission channel may be divided into several 

25 states, for example, slow fading, medium fading and fast 
fading. Further, the weight may be linearly changed in 
response to the state of transmission channel. 
[0047] Figure 3 is another example of the weights de- 
termined by weight determination unit 7 on the basis of 

30 the data level in memory 3. It is assumed that the j-th 
slot fluctuates greatly, when the data level exceeds a 
reference value. In this case, the weights for the slots 
which go in front of the j-th slot in the time axis are de- 
creased. As shown in Figure 3, the weights for the (j-3)- 

35 th slot, the G-2)-th slot and the (j-1)-th slot which go 
ahead of the j-th slot are decreased. 
[0048] For example, the weights may be varied in 
such a manner that: 



40 



45 



for the G-3)-th slot 
03=0.15, 02=0.17, 
a. 2 =0.15 

for the (j"2)-th slot 
03=0.18, 02=0.20, 
a_ 2 =0.00 

for the 0-1 )-th slot 
03=0.23, 02=0.25, 
a. 2 =0.00 



a^O.18, Oo=0.18, o.-, 0.17, 



a^O.21, 00=0.21, o.-, 0.20, 



a^O.26, 00=0.26, 0.00, 



so [0049] The reference for data level may be varied 
adaptively on the basis of the interference level. Further, 
when only one slot fluctuates greatly, only the weight for 
the fluctuated slot may be decreased. 
[0050] Further, the table of weights may be stored in 

55 a read-only-memory, thereby reading out it in response 
to the state of transmission channel. 
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channel estimation values per pilot block, 
where the weighted average is calculated over 
the "2k" slots and the weights are determined 
in accordance with the state of transmission 

5 channel; 

obtaining transmission channel estimation val- 
ues for the m-th information symbol in the n-th 
slot, on the basis of the weighted average; and 
compensating the transmission channel fluctu- 

10 ation of the m-th information symbol in the n-th 

slot, on the basis of transmission channel esti- 
mation values. 

5. The decoding method according to claim 4, where- 
15 jn, in the determining step, the range of dominant 
weights is narrowed, when the transmission chan- 
nel Is unstable, while it is enlarged, when the trans- 
mission channel is stable. 



Claims 

1. A decoding apparatus for direct sequence spread 
spectrum signal for CDMA which comprises: 

memory means (3) for storing "2k" pilot blocks 
from (n-(k-1))-th pilot block to (n+k)-th pilot 
block which includes a plurality of pilot symbols 
in a sequence of slots, where "n" is a non-neg- 
ative integer and "k" is a positive integer; 
pilot symbol averaging means (5) for averaging 
a plurality of received channels at a plurality of 
the pilot symbols in a slot; 
weight determination means (7) for determining 
the weights which are used for obtaining a 
weighted average of the transmission channel 
estimation values per pilot block, where the 
weighted average is calculated over the "2k" 
slots and the weights are determined in accord- 
ance with the state of transmission channel; 
multi-pilot block transmission channel estima- 
tion means (8) for obtaining transmission chan- 
nel estimation values for the m-th information 
symbol in the n-th slot, on the basis of the 
weighted average; and 

transmission channel fluctuation compensation 
means (10) for compensating the transmission 
channel fluctuation of the m-th information sym- 
bol in the n-th slot, on the basis of transmission 
channel estimation values obtained by the mul- 
ti-pilot block transmission channel estimation 
unit (8) . 



20 6. The decoding method according to claim 4, where- 
in, in the determining step, the weights are de- 
creased for the slots which go ahead specific slots 
of which states fluctuate greatly. 



25 



30 



2. The decoding apparatus according to claim 1, 
wherein said weight determination means (7) nar- 35 
rows the range of dominant weights, when the 
transmission channel is unstable, while it enlarges 

the range of dominant weights, when the transmis- 
sion channel is stable. 

40 

3. The decoding apparatus according to claim t, 
wherein said weight determination means (7) de- 
creases the weights for the slots which go ahead 
specific slots of which states fluctuate greatly. 

45 

4. A decoding method for direct sequence spectrum 
spread signal for CDMA which comprises the steps 
of: 



storing "2k" pilot blocks from (n-(k-1))-th pilot 50 
block to (n+k)-th pilot block which includes a 
plurality of pilot symbols in a sequence of slots, 
where "n" is a non-negative integer and "k" is a 
positive integer; 

averaging a plurality of received channels at a 55 
plurality of the pilot symbols in a slot; 
determining the weights which are used for ob- 
taining a weighted average of the transmission 
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FIG. 6 (PRIOR ART) 
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